Three experiments were conducted to determine the value of pearl millet grain, grown at either Purdue University or the University of Nebraska, as a substitute for corn in the diets of young pigs. In Exp. 1, 24 crossbred barrows, average initial weight of 20.7 kg, were used to evaluate nutrient digestibility of both sources of pearl millet compared with corn. Nitrogen digestibility was similar ( P > .05) for corn and both sources of pearl millet.
Introduction
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J. h i m . Sci. 1995 Sci. . 73:2026 Sci. -2032 may provide an alternative grain crop during years when inclement weather patterns delay planting of corn such that yields would be adversely affected by late summer drought or a short growing season. Thus, pearl millet has the potential for providing an alternative grain source for grain and swine producers. However, little information comparing the digestibility and utilization of corn and pearl millet in the diets of swine is currently available. The protein content, higher essential amino acid content, higher oil content (1 to 3 percentage points), and gross energy value of pearl millet compared with other grains (Burton et al., 1972; Sharma et al., 1979; Ejeta et al., 1987; Smith et al., 1989; Haydon and Hobbs, 1991; Adeola et al., 1994) suggest that pearl millet may be a valuable grain for use in the diets of young pigs. The objective of this study was to determine the nutrient digestibility in pearl millet grain compared with corn. The second objective was to compare the growth performance of nursery and growing pigs when fed diets in which corn was replaced on an equal-weight basis by pearl millet grain.
Materials and Methods
Three experiments were conducted to evaluate the efficacy of grain millet to replace corn in diets fed to young pigs. In Exp. 1, nutrient digestibility of pearl millet grain, grown on nonirrigated land near Purdue University in Indiana (PPM) or grown by the University of Nebraska ( NPM), was compared with that of corn. Subsequent 28-d growth studies were conducted with 10-kg (Exp. 2) and 24-kg (Exp. 3) pigs to examine the equal-weight replacement value of pearl millet for corn using NPM (Exp. 2 ) or PPM (Exp. 3 ) . Before the diets were mixed, pearl millet grain was thoroughly cleaned and all grains were ground in a hammer mill with a 4-mm screen. Some small, whole pearl millet seeds were observed in all diets after milling. The pigs (Yorkshire-LandraceHampshire-Duroc cross) were handled in accordance with good husbandry practices. All experimental protocols were approved by the Purdue Animal Care and Use Committee.
Nutrient Digestibility Experiment 1. Experiment 1 was conducted to compare the nitrogen and energy digestibility of NPM and PPM with that of corn. Twenty-four crossbred barrows, average initial weight of 20.7 kg, were used in a randomized complete block design; pigs were blocked by weight and assigned to diets. Diets were formulated such that the test grain was the only source of protein and energy in the diet (Table 1) . Vitamins and minerals were supplied in the diet to meet or exceed current requirements for the 20-kg pig (NRC, 1988) . Pigs were housed individually in .83-m x .71-m stainless steel metabolism cages in an environmentally controlled room and allowed ad libitum access to water through a nipple waterer. Pigs were fed twice daily (0600 and 1800) and allowed 5 d to adjust to diets and metabolism crates. During the adjustment period, a daily DM intake equivalent to 4.38%' of initial BW was achieved and maintained throughout the collection period. The adjustment period was followed by 5 d of fecal and urine collection. Ferric oxide was used as an indigestible marker to signal initiation and termination of fecal collection. Feces were collected twice daily, weighed, and composited within each pen. Urine was collected continuously over the 5-d collection period in a plastic collection vessel to which 10 mL of concentrated sulfuric acid was added daily. Urine volume was measured and recorded daily and a 30% aliquot taken. All samples were stored at -18°C.
Growth Performance
Experiment 2. Sixty crossbred pigs ( 3 0 barrows and 30 gilts), with an average initial weight of 10 kg, were used in a 2 x 5 factorial arrangement (two sexes and five dietary treatments) in a randomized complete block design ( 6 pigs per treatment combination; 12 pigs per diet). Pigs were blocked and assigned to treatment on. the basis of sex and initial weight. Pigs were individually housed in 26-m x .38-m pens on elevated, plastic-coated wire floors and were -allowed ad libitum access to feed and water. The basal diet for the first 14 d was a typical corn-soybean meal diet with added dried whey and contained 22% CP (Table  2 ). Remaining diets were formulated by replacing 25, 50, 75, or 100% of the corn with NPM on a n equalweight basis, resulting in diets containing 1.29 to 1.35% lysine. From d 14 to 28, pigs received 20% CP diet (Table 2 ) in which the same proportion of corn was replaced by NPM as in the first 14 d of the experiment, resulting in lysine levels of 1.06 to 1.14%. Diets were formulated to meet or exceed current NRC ( 1988) nutrient recommendations for the 10-kg pig. All pig weights and feed intakes were recorded weekly. Daily BW gain, feed intake, and gain:feed ratio were calculated for the first and second 14-d periods and for the entire 28-d experiment. formulated to contain 16% CP (Table 3 ) and the basal diet in which 25, 50, 75, or 100% of the corn was replaced with PPM, weight:weight basis, resulting in lysine contents from .79 to .89%. Diets (Table 3 ) were formulated to meet or exceed current NRC ( 1988) recommendations for all nutrients for the 20-kg pig. Pigs were individually housed in 1.73-m x .83-m pens with slatted concrete floors and allowed ad libitum access to feed and water. All pig weights and feed intakes were recorded weekly. Daily BW gain, feed intake, and gain:feed ratio were calculated for the 28-d experiment.
Chemical Analysis. Fecal samples were thawed and mixed thoroughly and a 20% subsample was taken and dried at 65°C before it was air-equilibrated and ground in a Wiley mill through a l-mm screen in preparation for proximate analysis (AOAC, 1980) . At the end of each collection period, urine samples were thawed and strained through glass wool before analysis for nitrogen. Two 200-mL samples of urine from each pig were placed in aluminum pans and dried in a drying oven a t 55°C for 72 h. After drying, samples were immediately removed from the oven and weighed for DM determination before they were placed in Whirl Pak bags and frozen at -18°C. Samples were removed from the freezer immediately before energy determination was conducted. Nitrogen analysis of feed and fecal samples was by the macro-Kjeldahl method (AOAC, 1980) and gross energy by adiabatic bomb calorimetry (Parr Instrument Co., Moline, IL). Amino acid content of feed was analyzed by the methods described previously (Adeola et al., 1994) . Fat content of feed and feces was determined by ether extraction (AOAC, 1980) . Analyses for NDF and ADF were also performed using the methods of AOAC (1980) . Statistical Analysis. In Exp. 1, data were analyzed by the GLM procedures of SAS ( 1990) with three diets and eight blocks in a randomized complete block design. For nitrogen, fat, and energy digestibility data, nitrogen, fat, and gross energy intakes, respectively, were included as covariates. The least significant difference procedure was used for mean separation. The model used to analyze data from Exp. 2 and 3 included sex, diet, and block in a randomized complete block design. Orthogonal contrasts were used to determine linear and quadratic responses to increasing pearl millet inclusion in Exp. 2 and 3. Individual pig served as the experimental unit in each experiment.
Results and Discussion
The nutrient profiles of corn and pearl millet grain presented in Table 4 indicate that pearl millet contains 27 to 32% more CP than corn, higher These data are in agreement with those of other authors who have also reported pearl millet to have a higher CP content and higher essential amino acid than corn (Ejeta et al., 1987; Smith et al., 1989; Adeola et al., 1994) sorghum, wheat, and triticale (Ejeta et al., 1987; Smith et al., 1989; Haydon and Hobbs, 1991) . The higher ether extract content of the pearl millet used in this study is in agreement with the report of Burton et al. ( 1972) that pearl millet has a higher oil content than most cereal grains. The higher oil content would account for the higher GE value of pearl millet.
Little difference was detected between the nutrient profiles of the two grain millets used in this study; however, PPM had a slightly higher CP and amino acid content and a slightly lower percentage of NDF and ether extract. Variations in the absolute nutrient profiles of pearl millet have been reported across various studies (Ejeta et al., 1987; Smith et al., 1989; Haydon and Hobbs, 1991; Adeola et al., 1994) and may be partially attributable to differences in environments in which the grains were grown, agronomic practices employed, and the varieties of pearl millet used in each study (Burton et al. 1972 ).
Nutrient Digestibility. The results of Exp. 1 (Table   5 ) indicate that total nitrogen intakes were different ( P < .O 1) between grains and between sources of pearl millet ( P < .05), because of the higher protein content of millet than of corn and because PPM had a higher protein content than NPM. As a result of the differences in nitrogen intake across dietary treatments, nitrogen intake was used as a covariate in the analysis of digestibility and retention data (superscript c, Table 5 ). Nitrogen digestibility was similar for corn and PPM but the nitrogen digestibility of the NPM was lower ( P < .05) than that of corn but similar to that of PPM. Although differences in nitrogen digestibility were detected, nitrogen retention as a percentage of intake was unaffected ( P > .05) by grain type or source of pearl millet. Total aData are means of eight 20-kg barrows per treatment. NPM = pearl millet grown a t University of Nebraska; PPM = pearl millet grown at Purdue University.
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digestibility also was higher ( P < . O l ) for corn than for pearl millet, and the DM digestibility of NPM was lower ( P < .05) than the DM digestibilities of corn or PPM. The higher total ether extract content of millet resulted in higher ( P < .01) ether extract intakes; pigs fed NPM had a higher ( P < . 0 5 ) ether extract intake than pigs fed corn or PPM. Although ether extract intake was higher for pigs fed pearl millet, using ether extract intake as a covariate in the analysis of digestibility data (superscript d, Table 5 ) showed that digestibility values for pearl millet and corn were similar. Regardless of the use of energy intake as a covariate in the analysis of energy utilization data, energy digestibility and retention as a percentage of intake were lowest ( P < .O 1) for pearl millet. In conjunction with a lower DM digestibility, this resulted in lower ( P < .O 1) DE and ME values for pearl millet than for corn.
Information directly comparing the digestibility of pearl millet with corn in vivo for the pig is currently unavailable. However, several studies have examined the ileal digestibility of amino acids from wheat and pearl millet (Haydon and Hobbs, 1991) or wheat and corn (Taverner et al., 1981) . Haydon and Hobbs (1991) reported that the ileal digestibility of amino acids from pearl millet was higher than ileal digestibility of these amino acids from wheat or triticale, although wheat and triticale had higher total tract nitrogen digestibility values than pearl millet. The results of Taverner et al. ( 198 1) indicate that the ileal digestibility of some amino acids may be lower for wheat than for corn; however, the ileal availability of most amino acids from corn seems to be similar to the values obtained by Haydon and Hobbs ( 199 1) for pearl millet, thus supporting the similar nitrogen retention values for corn and pearl millet obtained in Exp. 1. The results of Exp. 1 also are supported by the in vitro pepsin digestibility studies by Ejeta et al. ( 19871, who indicated that the overall protein digestibility of pearl millet was similar to that of corn. The results of these studies, along with the higher proteid amino acid content of pearl millet, indicate that equalweight substitutions of pearl millet for corn would result in an increase in the supply of total available amino acids for growth. The higher ether extract content of the pearl millet compared with that of the corn used in this experiment is consistent with the report of Burton et al. ( 19 72 ) that pearl millet contains more oil than most cereal grains, and this difference would account for the higher GE value. The lower energy digestibility, and the resulting lower DE and ME values of pearl millet, compared with those of corn are in agreement with the vast majority of the literature that is currently available. Haydon and Hobbs (1991) reported that the energy value of pearl millet was lower than that of soft red wheat, whereas Lin et al. ( 1987) reported that the energy digestibility of hard red wheat was lower than that of corn, suggesting that when corn is fed to pigs it has the highest DE and ME value, and that wheat has a lower value than corn but a higher value than pearl millet. These data are in agreement with current NRC ( 1988) DE and ME values for the three cereal grains. Thus, with increasing pearl millet inclusion, the GE value of the diet would increase and the supply of DE and ME would decline. The higher fiber content of pearl millet than of corn, or the presence of whole pearl millet seeds in the diet, may possibly contribute to the lower DE and ME value of pearl millet, although the fat content of pearl millet is higher than that of corn. Singh et al. ( 1987) reported that pearl millet may have a higher hemicellulose content than other grains, which may account for the lower DM and energy digestibility, and thus the lower DE and ME values. The lower DE and ME values of pearl millet than of corn reported in this Table 6 . Growth performance in response to increasing the weight:weight substitution of pearl millet (PM) grown at the University of Nebraska for corn in diets fed to 10-kilogram pigs" bProbability of quadratic response to increasing pearl millet substitution; NS = not significant; *P < .05.
study are in disagreement with recent results reported by Adeola et al. (19941, who found that the ME value of pearl millet for ducks was higher than that of corn. The diets in this study and the study of Adeola et al. ( 1994) were prepared in a similar manner; the ducks may have been able to utilize the whole grain present in the diets, which would have accounted for the reduced digestibility of energy to the pigs in this study.
Growth Performance. Rate of BW gain (Table 6 ) during the first 14 d in Exp. 2, and over the entire 28-d period, was unaffected ( P > .05) by dietary treatment. All pigs weighed an average of 16.3 kg at d 14 and 25.0 kg at d 28. From d 14 to 28, however, rate of BW gain and feed intake responded quadratically ( P < .05) to increases in substitution of pearl millet for corn; the maximum rate of weight gain was achieved when 25% of the corn was replaced with pearl millet. The higher rate of BW gain and feed intake was also associated with a numerical improvement ( P = .19) in the gain:feed ratio at the 25% replacement level. The substitution of pearl millet for corn (weight basis) in Exp. 3 resulted in nonsignificant ( P > .05) numerical increases in the rate of BW gain and feed intake (Table 7) . Gain:feed ratio was also unaffected ( P > .05) by substitution of pearl millet for corn. Body weights were similar across dietary treatments at the end of the 28-d experiment.
The ability of pearl millet to support growth in pigs has received very little attention (Haydon and Hobbs, 1991) . Pearl millet has, however, been successfully used in the diets of ducks (Adeola et al., 1994) and broilers (Sharma et al., 1979; Smith et al., 1989; Sullivan et al., 1990 ) as a replacement for corn. Adeola et al. (1994) reported that the growth rate of ducks fed diets in which corn had been replaced with pearl millet on a weight basis were comparable to the growth rates of ducks fed corn-based diets. Furthermore, Sharma et al. ( 1979) reported that at low rates of inclusion of millet, wheat, and sorghum to cornbased diets for broilers, diets containing millet supported greater weight gains than those containing wheat or sorghum, and corn diets supplemented with millet resulted in greater weight gains than diets containing corn as the major energy source. Similarly, Smith et al. ( 1989) reported that weight gains for chicks fed diets containing pearl millet or sorghum were comparable t o weight gains of broilers fed cornbased diets. The results of these and other experiments indicate that pearl millet, although it has lower DE and ME values than corn, may be used as an alternative grain source for nonruminant animals. To better evaluate the feeding value of pearl millet for pigs, further research with diets balanced on an isocaloric and an isonitrogenous basis is necessary to determine the availability and utilization of amino acids for growth in corn-soybean meal diets vs amino acid availability of pearl millet-soybean meal diets.
Implications
Pearl millet is a cereal grain with a relatively higher protein and amino acid content than corn. Although higher in gross energy, pearl millet has lower digestible and metabolizable energy values than corn when fed to pigs. The nitrogen digestibility of pearl millet was comparable to that of corn, indicating that the protein in pearl millet is well utilized in pig diets. Replacement of corn with pearl millet on an equal-weight basis in the diets of young pigs did not affect growth performance, but it did slightly increase gain and feed intake.
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